Abstract-Emblica officinalis Gaertn. is an important non-timber forest product plant which is known in improving livelihood of the people of north-east India. This plant is widely used in the Indian system of medicines and believed to increase the body immunity against diseases. A trial was made to assess the initial growth performance of seedlings of E. officinalis under three light regimes viz. Open-100% ambient sunlight (FAL), partial-80% ambient sunlight (PAL) and deep shade-40% ambient sunlight (DAL) and four nutrient conditions (NPK, saw dust biochar, cowdung and untreated) during a 3-months period in the Department of Forestry Mizoram University, Mizoram India. After 12 weeks of exposure to different light regimes and nutrient conditions, initial growth parameters of the seedlings like number of leaves, shoot length, root length, biomass and vigour index measured in order to understand the best growth conditions for the plant. The results reveal that seed germination and other growth parameters were significantly (P<0.05) influenced by light regimes and nutrient treatments. The seedling height, number of leaves, shoot length, root length and biomass was significantly higher under FAL. All growth parameters including seed germination were poor under DAL.
INTRODUCTION
The Amla or Indian gooseberry (Emblica officinalis Gaertn.) belongs to the family Euphorbiaceace, a native to tropical South-East Asia, particularly the central and south India since the ancient times [1] . The plant is also found abundantly grown in the home gardens of Manipur, Mizoram and other north eastern states. In India, it is called by various names such as Aonla, Nelli, Amla, Amlika, Dhotri, Emblica, Usuri and Heigru in Manipur. In the recent past growing of superior varieties of aonla is highly remunerative. Under natural habitat, it is found in dry deciduous forests of India. The species being a deep-rooted deciduous tree has a wide range of adaptability to grow in any type of soil. It is one of the most important non-timber forest products not only in rural and tribal economies, but also in the national economy [2] [3] [4] [5] [6] . This species is highly valued for its medicinal properties, and is the most common ingredient of many medicines and tonics in traditional Indian health practices. Amla fruits are also used in the preparation of pickles, jams and juices, in addition to their use in the preparation of cosmetics such as hair dyes and shampoos. It is considered a highly tolerant and potential fruit species suitable for growing under salt-affected and wasteland/ ravine lands. In India, it is also successfully grown under marginal wasteland, sodic land, ravine land, arid and drought prone areas. In traditional medicines, it is known as one of "the best rejuvenating herbs". All the parts of the tree are medically important [7] , but the drupe is the most important. There is a significant market demand for fresh drupes because it relieves fatigue, increases the appetite and also acts as a good purgative. The pharmacological studies indicated that drupes show antioxidant and antiproliferative activities attributed to the phenolic compounds in the drupes highlighting the importance of Emblica officinalis. The tree canopy of Aonla with sparse foliage allows filtered light and permits intercropping even after the trees are fully grown. Intercropping not only generates an extra income, but also helps check soil erosion through ground coverage and improves the soil physico-chemical condition. Traditionally, intercropping in the interspaces of fruit orchards is practiced due to economic considerations, but only a few experimental results are available for Aonlabased hortipastoral and horticultural systems. Aonla provides higher economic returns with little investments in plantation establishment and its management and therefore the farmers cultivate agricultural crops with Aonla in order to utilize maximum land surface [8] .
Among the ecological factors, light is one of the requirement for plant growth and development, both deficient and excessive light intensities are injurious to most plants. Solar radiation regulates the photosynthesis, and consequently, the plant survival and growth. The amount of light intensity that the plant receive is therefore of paramount importance and the plant may develop acclimation and plasticity to cope with the varying light regimes [9] . The initial growth characters in a plant nevertheless are affected by different light intensities [10] [11] [12] [13] and nutrients [14] . Research results have also shown that the nature of potting mixture has a direct influence on the plant characteristics. In recent years, there is tremendous interest in organic farming all over world [15] . The locally available organic fertilizers such as cowdung, poultry dropping and bamboo and wood-based industrial wastes such as saw dust could play beneficial role in plant growth. However, the effect of these mixtures on the plant growth is less understood and particularly on E. officinalis.
In the present study, our aim was to investigate the effect of three light regimes (open, partially shade and deep shade) and four nutrient regimes (untreated (control), NPK, cowdung and saw dust) on the initial growth characteristics of E. officinalis.
MATERIALS AND METHOD
The present study was conducted in the nursery of Department of Forestry, Mizoram University, India. The mature drupes were harvested from twenty selected Emblica officinalis trees. Collection was done annually in the last month of February 2015 from the Ngariyan hill of Senapati district near Bisempur district of Manipur for seed dormancy analysis. The seeds were prepared for experiments for which the mesocarp of the drupes was cut open and completely removed (de pulped) using a knife and the stones were left to air dry for 24 hours. The stone were split opened by applying a light pressure longitudinally. The extracted seeds were air dried for 24 hours. The extracted seeds were kept in a jar containing water and were subjected to float test to determine seed viability. The seeds that sank to the bottom were considered healthy and viable and thus for experiments. Prior to sowing, all the equipment (i.e. forceps, scalper and 2 ml syringe) used in sowing seeds was disinfected using 1% Clorox solution (The Clorox Company, Oakland, Canada). Two sets of experiments were laid out in completely randomized block design with (i) four treatment combination (control, cowdung, saw dust and NPK) for which under a treatment 10 black plastic pots each containing ten seeds was used, replicated thrice, involving a total of 40 samples and 400 seeds (4 treatment × 10 plastic pots × 10 seeds) for the experiment and (ii) three light regimes (open, partial shade and closed canopy) for which under a treatment 10 black plastic pots each containing 10 seeds was used, replicated thrice, involving a total of 30 samples and 300 seeds (10 plastic pots × 3 treatments × 10 seeds) for the experiment. However, after seed germination, only two seedlings per pot were allowed to study the faster growth characteristics. Two net houses were constructed using shade cloth (80% of full ambient light and referred as PAL) and two shade clothes (40% of full ambient light, hereafter referred as DAL) respectively. Another set of experiment was carried out under 100% ambient sunlight (in open space treated without shade cloth, referred to here as FAL). The photosynthetic active radiation (PAR) on leaf surface was about 1400 µmol/(m 2 s) for full ambient light on a sunny day. Potting mixtures of top soil using soil alone (untreated), soil with NPK, soil with saw dust biochar and soil with cowdung. During the experiment the pH of the soil is 5.13. During the course of the experiment, the 90 plastic pots (each containing 2 kg soil) were kept moist by adding tap water every 24 hours and apply 2 g of NPK (12:12:12) and 2 g of micronutrients salts to each plastic pots containing two emerged seedlings at weekly interval up to 12 weeks. Equal volume of water was added to all the pots depending on the weather and moisture status of the soil. A seed was considered germinated when a radicle could be seen with the naked eye. Germinated seeds were counted by every week. After completion of 12 weeks of experiment, ten seedlings from each treatment were carefully uprooted. The length of all excavated seedlings and collar diameter was measured; leaves, shoots and roots were separated from each individual, counted and weighed. The biomass of the seedlings was measured by drying them to constant weight in an oven at 80°C. The seedling vigour index was calculated according to Abdul-Baki and Anderson [16] . The effect of various treatments on germination and initial growth characters were analyzed using Analysis of variance (ANOVA 2-ways, fixed effects model) and compared with Least significant difference at 5% levels using SPSS (Version 11.11).
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RESULTS AND DISCUSSION
The germination of Emblica officinalis seeds responded differently to different light regimes.
The highest germination (84%) was attained in seeds under partial ambient sunlight (PAL) followed by full ambient sunlight (FAL) in open condition and the least (2.14%) in deep shade (DAL) in 40% ambient sunlight. Under FAL, seed germination was best attained in untreated pot, followed by cowdung, saw dust biochar and NPK (Table 1) . Similar was also the case in PAL and ZAL. The results suggest that for germination light is an essential requirement and the partial sunlight was best in bringing significantly (P<0.05) higher germination in the seeds of E. officinalis. Among the nutrients, the seed germination was significantly (P<0.01) higher when untreated with any nutrients than the seeds subjected to various nutrients. The germination percent was quite high on control treatment under partial shade as compared to other light regime. ANOVA two way (Table 4 ) indicated significant differences in germination percentage of Emblica seed between light regime (F = 36.070, P < 0.01) and nutrient regime (F = 48.326, P < 0.01) and light with nutrient regime (F = 7.111, P < 0.01).
The root length of the seedling, however, behaved differently under different nutrients though it showed a decreasing trend with the intensity of light; highest root length in FAL in all the nutrient condition followed by PAL and DAL in the respective nutrient condition. In FAL, maximum root length (17.39 cm) was attained in untreated condition followed by 13.81 cm in cowdung, 12.85 cm in saw dust biochar, and least (9.75 cm) at NPK treatment. In partial sunlight and deep light condition, root length was higher in untreated pot compared to other pots ( Table 2 ). The maximum root length (17.39 cm) of Emblica was displayed by control treatment, followed by cowdung (13.81 cm), saw dust (12.85 cm) and NPK (9.75 cm) under open (full sunlight) condition. Similarly under partial shade condition also the maximum root length (13.27 cm) was displayed by control treatment and followed by saw dust (10.73 cm), cowdung (8.78 cm) and here also the minimum root length (7 cm) was displayed only on NPK treatment. But under deep shade condition the seedlings in control treatment attained the root length to the tune of 4.32 cm till the end of the test. The variation in root length was significant among light regime and nutrient regime (F = 32.573, P = 0.000 P < 0.01) and nutrient regime (F = 33.972, P = 0.000 or P < 0.01) and the nutrient regime X light regime interaction (F = 9.324, P = 0.000 or P<0.01) ( Table 4) .
Shoot length, however best performed under cowdung in both FAL and PAL followed by untreated, saw dust and NPK. Under deep light, the effect of nutrients on shoot growth was best in untreated followed by cowdung, saw dust and NPK. Nevertheless, the seedlings attained leaves in the order of cowdung > untreated > NPK > saw dust biochar Values in parentheses are ±SEM, n=10.
in FAL, in PAL the maximum leaves is in cowdung but others are same and in DAL the maximum number of leaves was attained in untreated > cowdung > saw dust > NPK ( ANOVA two way indicated significant differences in shoot length of Emblica between light regime (F = 8.761, P = 0.000 or P < 0.01), nutrient regime (F = 14.497, P = 0.000 or P < 0.01) and light with nutrient regime (F = 2.981, P = 0.010 or P < 0.01).
The collar diameter similarly was higher in cow dung > untreated > saw dust biochar = NPK, however, there was no significant variation in collar diameter of the leaves along the light regime or nutrient treatment. The seedling vigour index ranged from as low as 9.80 to as high as 2213.06 and was significantly (P < 0.05) higher in partial ambient sunlight than full ambient sunlight and deep shade sunlight condition under different nutrient treatment. The cowdung and saw dust biochar also resulted in higher seedling vigor index but the combination of partial light intensity with these nutrients provided the best seedling vigor index. Many authors have found a decrease value of biomass of roots, stems, leaves and whole plant as well as the photosynthetic rate, the transpiration and the stomatal conductance of water vapor under low light [9, 17, 18] . On the contrary, plant height was found increased at low light intensity [17] [18] [19] . Besides, plant leaves expanded under high irradiance presented lower photosynthetic pigments contents than leaves expanded under low irradiance [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 20] . [18, 20, 21] . However, it has been reported that the intermediate light conditions (about 50% of FAL) were more adequate for some species to reach higher levels of biomass productivity [13] . On the other hand, the height of E. officinalis increased as the light intensity decreased. In particular, the plants which were grown under PAL (80% ambient sunlight) became about 18.71% taller than the plants grown under full sunlight and 67.15% under deep shade. These findings were in agreement with studies on other plants [17] [18] [19] .
The results also suggest the influence of different nutrients on initial growth parameters of aonla seedlings. The maximum vegetative growth was recorded in the plants which were applied with cowdung, followed by saw dust biochar and NPK. Combination of nutrients with light regimes provided better conditions for growth compared to only light regimes. Combination of cowdung and NPK produced maximum seedling height, collar diameter, number of leaves followed by combination of saw dust and NPK. Similarly, maximum biomass was attained in the combination of cowdung and NPK followed by saw dust and NPK. In other studies, combination of organic and inorganic nutrients has been found to have increased the fruit yield and quality [22] . Application of vermin-compost also was resulted in improved the fruit quality. Other studies [23] have shown that the application of arbuscular mycorrhizal fungi (AM) and phosphate-solubilizing bacteria (PSB) in combination produced maximum plant height of aonla in nursery followed by combination of AM fungi, PSB and a companion fungus (CF). Maximum diameter of seedlings was obtained in Azospirillum treatment followed by Azospirillum along with the companion fungus, followed by combination of AM fungi and companion fungus and companion fungus and PSB [23] . Similarly, maximum root colonization was observed in AM fungi and companion fungus combination and combination of AM fungi, companion fungus and Azospirillum [23] .
The shoot dry weight and root dry weight were highest (1.74 g and 0.14 g, respectively) in cowdung of FAL. However, the total biomass per seedling was highest (1.92 g) in cowdung of FAL that was significantly (P < 0.05) higher than the untreated (control). The response of the seedlings to saw dust biochar was quite good, even better than inorganic fertilizer (12:12:12 NPK) in the present study. The saw dust biochar could have some stimulatory effect on the growth of the seedlings as it contains high amount of humic substances [24, 25] . Many authors [26] [27] [28] [29] have supported the view that the saw dust biochar have the beneficial effect on a variety of agriculturally important soil microbes thereby transforming nutrients necessary for good growth of the seedlings.
The impact of light and nutrient regime was significant on seedling height or length of Emblica (Light, F = 9.749, P = 0.000 or P < 0.01, Nutrient, F = 14.715, P = 0.000 or P < 0.01) by applying ANOVA one way (Table 5A) , and the nutrient regime X light regime interaction was also significant (F = 5.018, P = 0.000 or P< 0.01), light (F = 16.964, P = 0.000 or P < 0.01), nutrient (F = 21.823, P = 0.000 or P< 0.01) by applying ANOVA two way (Table 4 ). The maximum seedling height or length at full sunlight (open) was displayed by cowdung treatment 33.03 cm and followed by control (28.78 cm), saw dust (21.35 cm) and NPK (18.25 cm) , and under partial shade condition the maximum seedling length was also displayed on cowdung (26.85 cm) and followed by control (26.35 cm), saw dust (23.06 cm) and minimum of 15.48 cm on NPK treatment but under deep shade condition, the maximum seedling length was displayed on untreated (14.10 cm) and followed by cowdung (10.85 cm), saw dust (7.95 cm) and minimum of 4.58 cm on NPK treatment.
The maximum number of leaves (16) of Emblica was displayed on cowdung treatment and followed by control (7), NPK (5) and saw dust (4) under full sunlight (open) condition. Under partial shade condition also cowdung treatment was displayed the maximum number of leaves (10) but the other treatment like NPK, saw dust and control displayed the same number of leaves i.e. 6 and under deep shade condition also displayed the same number of leaves 6 only on control treatment but other treatment like cowdung, saw dust and NPK displayed 4, 3 and 2 leaves respectively. ANOVA one way indicated significant differences in leave numbers of Emblica between light regime (F = 4.595, P = 0.012 or P < 0.05), nutrient regime (F = 8.303, P = 0.000 or P < 0.01) and light regime X nutrient regime interaction was also significant (F = 3.380, P = 0.004 or P < 0.01) ( Table 4 ).
The maximum collar diameter (0.23 cm) was attained in cowdung treatment and followed by control (0.16 cm), NPK (0.11 cm) and saw dust (0.11 cm) under the full sunlight (open) condition. Under the partial shade condition same number (0.13 cm) of collar diameter was found in control and saw dust treatment and followed by cowdung (0.12 cm) and NPK (0.09 cm). But under deep shade condition all the treatment like untreated treatment, cowdung, saw dust and NPK was attained the same number of collar diameter 0.10 cm. The variation in collar diameter was significant among light regime (F = 3.255, P = 0.042 or P < 0.05), nutrient regime (F = 12.314, P = 0.000 or P < 0.01) and light X nutrient regime interaction was also significant (F = 6.577, P = 0.000 or P < 0.01).
The maximum biomass (1.92 g) of Emblica was attained in cowdung treatment followed by untreated (0.84 g), saw dust (0.51 g) and NPK (0.45 g) under full sunlight (open) condition. Under the partial shade condition also the maximum biomass (0.51 g) was attained in the cowdung treatment and followed by the untreated (0.46 g), saw dust (0.38 g) and NPK (0.11 g). But under deep shade condition the maximum biomass was attained in the untreated treatment (0.13 g) and followed by cowdung (0.1 g), saw dust (0.08 g) and NPK ( 0.07 g). The variation in biomass was significant among light regime (F = 11.289, P = 0.000 or P< 0.01), nutrient regime (F = 6.597, P = 0.000 or P < 0.01) and light x nutrient regime interaction was also significant (F = 4.092, P = 0.001 or P < 0.01).
The maximum seed vigour index (1094.17) was displayed on untreated treatment followed by cowdung (935.83), saw dust (320.25) and NPK (182.50) under open condition. Similarly under partial shade condition the maximum seed vigour index (2213.06) was attained only on untreated treatment followed by cowdung (1236.20), saw dust (820.25) and NPK (361.10). But under deep shade condition the maximum vigour index 463.37 was displayed on untreated treatment followed by cowdung (123.55), saw dust biochar (68.53) and NPK (9.90).
The present study suggest that cowdung and saw dust biochar in partial ambient sunlight could be very effective than the inorganic (NPK) fertilizer in improving growth of Aonla. Emblica officinalis seedling's performance was better when fertilized with NPK micronutrients than fertilizer alone. The Emblica seedlings responded positively to cowdung, control, saw dust and lastly to NPK. The higher the rate of the fertilizer (NPK + micronutrient) applied, the more affect on the survival of plant growth. The control and cowdung treatment and highly significant in its effect on plant height (shoot length), root length, collar diameter, germination and biomass. All treatments are positively responded on the seedling growth of Emblica under the open and partial shade of light regime but under deep shade only untreated plants showed good growth. However, the other treated plants under this regime had poor germination because most of the plants were fatal and died after 3, 4 weeks of germination. All this may be due to the lack of light and excess of nutrients (NPK + micronutrient). The result further confirms the fact that, Emblica, like any tree species, requires nutrient elements for adequate growth particularly in low-nutrient and low organic matter soils [29] . Emblica can easily grow under control treatment if they are available the appropriate light to grow.
CONCLUSION
The results presented in the paper support that partial ambient sunlight is the best light regime for triggering seed germination in E. officinalis Gaertn. Among the different nutrients tried most of the initial growth parameters of this species were influenced when treated with the nutrients and were in the order of cowdung > sawdust biochar > NPK. However, combination of nutrients with partial ambient sunlight was found to be the best treatment for obtaining higher seedling vigor and biomass production. Thus, the study recommends this species to be grown under partial ambient sunlight fertilized with cowdung for higher survival and better growth outputs.
